Current guidelines permitting return to play for athletes who have sustained a concussion rely on resolution of cognitive and physical symptoms. Evolving evidence suggest that vascular, radiologic and cerebral metabolic abnormalities persist in some athletes beyond the period of clinical recovery. This commentary addresses these issues and raises a question as to whether physicians are permitting pediatric athletes with concussion to return to play too soon after concussion.
1,2
There is criticism of chronic traumatic encephalopathy and the second impact syndrome being attributed to head trauma. Critics of the relationship between head injury and chronic traumatic encephalopathy have cited reports that one hallmark of chronic traumatic encephalopathy, hyperphosphorylated tau, has been reported in other disorders. [3] [4] [5] However, some of these reports can be criticized because the patients have had a history or radiologic evidence of prior head injury, 5 a coexisting cognitive impairment, 3 or have a different form or distribution of tau. 4, 6 The co-presence of neurofibrillary tangles and amyloid plaques in the development of chronic traumatic encephalopathy also complicates these other nontraumatic cases. 6 Criticism about the existence of second impact syndrome has also been reviewed. 7 The uncertainty about the pathophysiology of head injury as it relates to any serious long-term sequelae supports the importance in assessing factors that maximize the reduction of risk for repeat injury when determining when the athlete may return to play (RTP).
Although the decision regarding RTP should be individualized rather than generalized, most of the published guidelines recommend RTP only after resolution of cognitive and somatic symptoms. However, recent studies analyzing blood flow, white matter and other radiologic abnormalities as well as cerebral metabolic deficits have demonstrated that pathophysiologic abnormalities can persist past the time of cognitive and somatic recovery from concussion. 8 This raises questions about whether physicians are permitting athletes to return to play too soon after a sports-related concussion. It has only been recently that these studies have tried to correlate objective pathophysiologic changes to the subjective and objective clinical findings demonstrated with patients with concussion. In a systematic review of more than 2000 publications that analyzed the criteria used to define recovery from sports-related concussion in young athletes, all used somatic symptoms resolution or return to baseline, 86% used cognitive recovery or return to baseline, 49% used no exacerbation of symptoms on physical exertion, yet only 2% used physiologic testing such as normalization of cerebral blood flow. 9 Sports-related concussion produces cerebral blood flow changes. Statistically significant alterations in cerebral blood flow, typically a reduction in flow, have persisted for more than 30 days after symptom recovery in children and adolescents with sports-related concussion. 10 Compared to controls, children with concussion who recovered quickly were shown to have higher cerebral blood flow whereas those who did not recover quickly had decreased cerebral blood flow, suggesting that clinical recovery precedes the recovery in cerebral blood flow. 11 Commonly used objective measures (in correlation with blood flow studies) may also not be valid in determining ability to RTP. Persistent reductions in cerebral blood flow have been demonstrated after sports-related concussion despite a return to baseline clinical scores in the Sport Concussion Assessment Tool3 (SCAT3) as well as in baseline cognitive scores on the Standardized Assessment of Concussion. 12 Lower cerebral blood flow in dorsal prefrontal and temporal lobes have been reported in asymptomatic pediatric patients as long as 7 months after sports-related concussion. 13 Diffusion tensor imaging studies have demonstrated white matter changes acutely after sports-related concussion that correlate with acute symptoms, 14 but it is not known how often and how long these changes persist after recovery from cognitive and somatic symptoms. It has been demonstrated in some that these changes can persist for weeks to months after symptomatic recovery from concussion. 15, 16 These persistent white matter changes have also been reported to persist at the time of medical clearance and RTP. 17 Other physiologic tests have demonstrated persistent abnormalities despite clinical recovery. Functional MRI and magnetic resonance spectroscopy (assessing NAA/Cr, NAA/ Cho ratios) changes have persisted for days to months after clinical recovery even after the athletes have been deemed clinically "asymptomatic" by their physicians and themselves. 8, 18 Similarly, the alteration of cerebral metabolic substrates has been reported to persist after self-reported recovery of symptoms. 19 Notwithstanding the demonstration of vascular, white matter and metabolic abnormalities following sports-related concussion, it has also recently been demonstrated that brain anatomic abnormalities, including astrocytosis, myelinated axonopathy, microvascular injury, perivascular neuroinflammation, and phosphorylated tau protein pathology were present in the acute-subacute period (1 day to 4 months) after mild impact head injury without concussive symptoms in 4 teenagers. 2 All of the patients in this study with anatomic changes had a history of prior concussions (N¼2-10) and the pathology in two noted phosphorylated tauopathy, one of which was consistent with chronic traumatic encephalopathy. 2 The combination of persisting physiologic abnormalities as well as the possibility for early anatomic changes should be concerning when assessing an athlete for RTP, especially with a history of multiple concussions.
This commentary is not meant to be a thorough review of post concussive physiological tests. Some have questioned the validity of some of the methodology of the testing 20 and not all athletes demonstrate the persistent physiologic deficits. It is also possible that these changes are being reported in athletes who are still symptomatic yet deny the persistence of symptoms. Furthermore, the exact effect of these vascular, radiologic, and metabolic changes on cognitive and physical outcome has yet to be fully explained. Recent evidence suggests that exercise (which likely increases heart rate and probably cerebral blood flow) may actually hasten clinical recovery despite current guidelines that recommend a period of physical rest 21 ; however, this effect is reported only for vascular changes and does not account for any effect on white matter or on metabolic or other altered parameters.
The evolving literature is suggesting that the brain may not be fully recovered from concussion even when cognitive and physical symptoms have stopped. Additional studies are critical to clarifying these issues because current information is so indeterminate. Some authors have noted that an extended recovery period may be required after sports-related concussion. 16 Until it becomes definitive that normalization of cognitive and somatic symptoms, rather than normalization of objective physiologic testing, is the preferred method of determining RTP, physicians should exercise caution in determining RTP. In the interim, published guidelines regarding sportsrelated concussion, some outdated yet relied on by practitioners, should be revisited to underscore this unresolved issue.
